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Abstract . The present paper reports the thermal variation of different specific heat components of potassium europium Huoride (PEF) which 
IS a paramagnetic insulator at room temperature Its lattice specific heat was calculated by adopting the empirical formula applicable lor Eu(OH)^ Using 
the crystal field energy levels of the sample, its Schottky specific heat has been calculated between I OK and (^K)K The nuclear hypetfine levels for ‘' ‘Eu 
nucleus in PEF have been determined for nuclear ground (l  ^ ^ 5/2) as well as for first excited stale (I. 7/2) The hyperfine specific heal shows an inverse
T’ rule, where T represents tcmperaiuic between 10 mK and IK
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1. Introduction
T h e  c o m p le te  f l u o r e s c e n c e  s p e c t r a  o f  d i lu te d  p o ta s s iu m  
europ ium  llu o rid e  (PEF*: Eu^ "*^  in K Y ^F n ^m atn x ) in v is ib le  and  IR  
range h av e  b een  re p o r te d  e a r l ie r  [1 ]. B y  a d o p tin g  th e  c ry s ta l 
field (C F ) th eo ry , th e  e n e rg y  le v e ls  o f  lo w -ly in g  te rm s  o f  Eu^^ 
U.e., ^F ,, a n d  in th e  a b o v e  s y s te m  h a v e  b een  e x p la in e d  
in o u r  r e c e n t  p a p e r  [2 ] , a n d  th e  C F  p a ra m e te r s  h a v e  b e e n  
d e te rm in ed  a c c u ra te ly . F ro m  th e  c a lc u la te d  C F  e n e rg y  le v e ls  
and C F  w a v e fu n c lio n s  w e  h a v e  e s t im a te d  th e  th e rm a l v a ria tio n  
o f  m ag n e tic  su sc e p tib ili ty  an d  th e ir  an i.so lropy  o v e r  a  w id e  ran g e  
o f te m p era tu re  b e lo w  ro o m  te m p e ra tu re  (R T ).
U n lik e  m a g n e tic  p ro p e r ty , th e  th e rm a l p ro p e r ty  o f  th is  ty p e  
o f  in su la to r  is  is o tro p ic  in  n a tu re . B u t th e  S c h o ttk y  sp e c if ic  h ea t 
o f  th e se  c o m p o u n d s  d e p e n d s  to ta lly  o n  th e  C F  en e rg y  
level p a tte rn . T h e  p re s e n t p a p e r  re p o r ts  th e  th e rm a l v a r ia tio n  o f  
d iffe ren t sp e c if ic  h e a t c o m p o n e n ts  o f  P E F . T h e se  c o m p o n e n ts  
h a v e  b e e n  c a lc u la te d  c o n s i d e r in g  th a t  th e  s y s te m  w o u ld  
cry s ta lliz e  in  s tru c tu re  s im ila r  to  th a t o f  KY^Fj^,. T o  e x p lo re  
w h e th e r an y  in te re s t in g  th e rm a l p ro p e r ty  e x is ts  o r  n o t in th e  
system , sp ec ia lly  a t lo w  te m p e ra tu re  reg io n , th e  n u c lea r hy p erfin e  
sp ec ific  h e a l h a s  b e e n  s tu d ie d  th e o re tic a lly .
2. Theoretical considerations
T h e  to ta l sp ec ific  hea t o f  a ra re -ea rth  (R E ) p a ram ag n e tic  in su la to r 
c o n s is ts  of sev e ra l c o m p o n e n ts  as
Cy =  Cf -f C /, +  -f C ,,/, ( I )
w h e re  C.’^  is th e  la ttic e  sp e c if ic  h ea t, re p re se n ts  S ch o ttk y  
sp e c if ic  h ea t, is m a g n e tic  sp e c if ic  h ea l an d  a rise s  d u e  to  
h y p e rf in e  in te ra c tio n  on  th e  n u c le u s  o f  R E  ion  in so lid .
C h ir ic o  an d  W e slru m  [31 d e r iv e d  a re la tio n  o f  Cj fo r R fT  
h y d ro x id e s  w h ere  fo r all R E -h y d ro x id c s  can  be  c a lc u la ted  by 
u s in g  th e  m e a su re d  to ta l sp e c if ic  h ea l v a lu e  o f  La(OH):^ and  
G d (O H ),. A p p ly in g  th e  sam e  re la tio n  an d  u s in g  th e  m ea su re d  
sp e c if ic  h e a ts  o f  L a (O H ) , an d  G d (O H )^ , w e can  a p p ro x im a te ly  
e s t im a te  the  la ttic e  sp e c if ic  h e a t o f  th is  c o m p o u n d  a b o v e  RT.
B e tw een  R T  an d  lO K , w h e re  th e  C F  e ffe c ts  p la y  th e  m o s t 
im p o rta n t ro le  in th e  so lid , C  b e c o m e s  in te re s tin g . T h e  th e rm al 
v a ria tio n  o f  fo r th is  c o m p o u n d  h a s  b e e n  c a lc u la te d  w ith  the  
C F  e n e rg y  p a tte rn  u s in g  th e  s ta n d a rd  fo rm u la  [ 4 J :
^  i- l
jc, exp(-.v,) , (2)
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w h e re  R h a s  th e  v a lu e  c lo se  lo  th e  u n iv e rsa l g a s  c o n s ta n t, a n d
 ^KT, Z  th e  p a r tit io n  fu n c tio n  ) an d
a rc  th e  C F  e ig e n v a lu e s  o l ^Fp ^F^ in th e  sa m p le .
B elo w  I OK, the o th e r co m p o n e n t o f  spec ific  heat i,c., m ag n etic  
sp ec ific  h ea l ( b e c o me s  im p o rta n t. lH)r n o n -m a g n c lic  g ro u n d  
sta te  ^Fjp the  c o n tr ib u tio n  o l m a g n e tic  sp e c if ic  h ea t o f  the  sa m p le  
is m l an d  no m a g n e tic  o rd e r in g  h a s  b e e n  fo u n d  in  th is  ty p e  o f  
Gu'* c o m p o u n d s  [5 |.
A ro u n d  IK  and  in in ill ik c lv in  re g io n , the  sp e c if ic  h ea t o f  th is  
ty p e  o f  R F  so lid s  a r is e s  d u e  lo  h y p c rf in c  ( H F ) in te ra c t io n  in  th e  
n u c leu s o f  RF^'^ ion. T lic  co n e .sp o n d in g  sp ec if ic  h ea t is hyj>ci fine 
sp ec if ic  h ea l ). It h a s  b een  o b se rv e d  |4 ,51  th a t th e  m a g n itu d e  
o f  is a p p re c ia b le  in c a se  o f  io n s  in in s u la to rs  s in c e  
m o s t o f  th e  n u c le i o f  R E  io n s  h a v e  la rg e  v a lu e s  o f  iso to p ic  sp in s  
and  lo w -ly in g  n u c le a r e x c ite d  s ta les . T h e  hypeiT inc H a m ilto n ia n  
is  g iv e n  by
H„J = / 4 / . 5 , + « ( / , 5 , + / , 5 , , ) +  p [ 3 / : - / { / + ! ) ] .  (3)
w h e re  A an d  R  a re  H F  c o n s ta n ts , P is c a lle d  th e  q u a d ru p o la r  
in te ra c tio n  p a ra m e te r , /  a n d  S re p re s e n t  n u c le a r  a n d  e le c tro n ic  
sp in s  re sp e c tiv e ly . F o r  Fiu^^ io n  in  P E F  th e  e le c tro n ic  g ro u n d  
te rm  IS a n o n m a g n e tic  h e n c e  n u c le a r  m a g n e tic  in te ra c tio n  is 
z e ro  P  h as m a in ly  tw o  p a rts , P, ( la tt ic e )  a n d  P^  ^ ( 4 / -c le c tro n ic  
p a r t)  a r is in g  Irom  fo u r  s ig n if ic a n t so u rc e s  (51 H e n c e ,
P= P/ P4 f a n d
3(2
/ ( /  +  !) ( / - ( T , ) i r %
PV an d
In e m p iric a l fo rm u la  d e r iv e d  by  C h ir ic o  a n d  W estm m  (Jr) [31, 
th e re  is a  fa c to r  r e p re s e n te d  b y  f. It w a s  o b s e rv e d  th a t th e  v a lu e  
o f  / i n c r e a s e d  l in e a r ly  w ith  th e  n u m b e r  o f  4 f - e le c t r o n s  in
3-f
Figure 1. First order neighbour ot Eu’^  in PEF
la n th a n id e s  14). C o n s id e r in g  th a t th e  s t ru c tu re  o f  P E F  w o u ld  b e  
s im ila r  to  th a t o f  th e  ^ - f a c to r  fo r  p o ta s s iu m  e u ro p iu m
flu o rid e  w as d e te rm in e d , a n d  w e  c a lc u la te d  th e  th e rm a l v a ria tio n  
(4 'C\ fo r P E F  fro m  lO K  to  .3(K)K (F ig u re  2).
w h e re  Q  is th e  q u a d ru p o lc  n u im c n t o f  th e  n u c le u s , a n d  a 2 
a rc  th e  la t t ic e  a n l i s h i e ld in g  a n d  a to m ic  s h i e ld in g  f a c to r s  
rc s tic c tiv c iy . Ao is th e  e n e rg y  d if fe re n c e  b e tw e e n  7  =  0  a n d  J =  
2 s ta te s  o fE u ^ ^  in PEF.
O p e ra tin g  by  o n  b a s is  s ta te s  | / . H F  e n e rg y  le v e ls  
fo r g ro u n d  as w e ll as  fo r  f irs t e x c ite d  s ta le  fo r  *'^*Eu c a n  b e  
d e te rm in e d . T h e  H F  s p e c if ic  h e a l w a s  c a lc u la te d  u s in g  e q . (2 ) 
w h e re  E  re p re se n t n o w  th e  e ig e n v a lu e s  o f  th e  H F -sp lil lev e ls  o f  
n u c le a r  g ro u n d  s ta le .
3. Results and discussion
P E F  is a  te tra g o n a l c o m p o u n d . In  so l id  s tru c tu re , e a c h  Eu^^ io n  
is  s u r r o u n d e d  b y  e ig h t  F " io n s .  T w o  s q u a r e  p la n e s  e a c h  
c o n ta in in g  fo u r  F" io n s  a rc  ro ta te d  re la tiv e  to  e a c h  o th e r  by  4 5 ‘\  
T h e  l in e  j o i n in g  th e  tw o  p la n e s  c o n ta in in g  th e  E u '^  a n d  
p e rp e n d ic u la r  lo  th e  tw o  p la n e s  is  a lm o s t  p a ra l le l  lo  c a x is  
(F ig u re  1).
U s in g  th e  C F  e n e rg y  p a tte rn  [2 ] w e  h a v e  c a lc u la te d  th e  
th e rm a l v a r ia tio n  o f  C  b e tw e e n  5 K  a n d  3 0 0 K  (F ig u re  2 ). A t 
3(X)K th e  v a lu e  o f  C  is  o n ly  6 .6 7 %  o f  th a t o f  .
It w as  m e n tio n e d  e a r l ie r  th a t h a s  a  n o n m a g n e tic  g ro u n d  
te rm  ^F^ .^ T h e  p o s i t io n  o f  f irs t C F  e n e rg y  le v e l is a t  a b o u t 261 
cm  ’ w h ic h  c o r re s p o n d s  to  3 7 5 K . H e n c e  b e lo w  R T  d o w n  to  1K , 
th e  e le c tro n ic  p o p u la t io n  is m a in ly  in  g ro u n d  te rm  a n d  fo r  th is  
re a s o n , th e  m a g n e t ic  c o m p o n e n t o f  sp e c if ic  h e a t fo r  th e  sa m p le  
is n il.
T h e  n u c le a r  sp in  fo r  *''*Eu* '^*“ io n  in  g ro u n d  s ta te  is  5 /2 . It is 
fo l lo w e d  b y  th e  f irs t e x c ite d  s la te  (/^  =  7 /2 )  w h ic h  is s i tu a te d  at 
a b o u t 2 1 .6  K ev  a b o v e  In  o u r  r e c e n t  p a p e r , w e  h a v e  sh o w n  
th a t d u e  to  q u a d ru p o lc  in te ra c t io n  o f  th e  n u c le a r  sp in s  o f  
e m b e d d e d  in  P E F  c ry s ta l ,  th e  g ro u n d  s ta te  is  s p l i t  in to  th re e  
d o u b le ts . T h e s e  s ta te s  h a v e  re la t iv e  e n e rg ie s  a s  0 , 2 8 .8 5 6  x  
an d  4 3 .2 8 4  x  10"^ c m  '.  T h e  c o rre s p o n d in g  e ig e n s ta te s  
(d e s ig n e d  b y  rn j v a lu e s )  a rc  I ±  5 /2  > , I ±  3 /2  >  a n d  I ±  1/2 >  
re s p e c tiv e ly .
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T h e  H F  s p e c if ic  h e a t  w a s  c o m p u te d  w ith  th e  h e lp  o f  eq . (2 )  
using H F -s p l it  level pattern o f the ground state {1^  -  5 /2 ) . T h e  
ih cm ia l v a r ia tio n  o f  in  m il l ik e lv in  re g io n  (F ig u re  3 ) sh o w s  
ihat C^/R has a maximum value of 0 .7 6 7  at about 2 m K . 
(o llow s an  in v e rse  ru le  (w h e re  T  rcp re .sen ts  te m p e ra tu re  in 
absolute scale) I 2 .4 2 x  between lO m K a n d
IK.
The relation C'^ ,^ /R = 12.42 x IO*T‘ bears an important 
property. It has been previously observed that magnetically 
diluted crystals ot cerium diglycollaie was proposed as an 
efficient magnetic material for millikelvin thermometry and 
refrigeration [h]. Since has a nonmagnetic ground state 
the conventional magnetic ordering is absent in this type of 
sample. Again if it follows the same structure of KY^F,^  ^then 
Eu'"*^  -  Eu '^  ^ distance would be comparatively large in PHF, 
forbidding magnetic ordering. Hence the above property shown 
by ‘*"'^ Eu enriched PEF, may be utilized in millikelvin thennometry. 
Measurements of specific heat of Pl^F crystal at different 
femperatures arc welcome.
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